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For details of how these key indicators were automatically derived from the article, see http://journals.iucr.org/e. 3+ cation to be present as a statistically disordered mixture of both enantiomeric forms. Crystals were grown solvothermally from an ethanol-water solvent mixture using rac-[Co(en) 3 ]I 3 and bismuth triiodide as starting materials. The compound is a rare example of a mixed-metal halobismuthate material.
Comment
The chemistry of the bismuth(III) halides, or halobismuthate materials, has been extensively explored, due to the promising physical characteristics that such compounds often exhibit, including semiconductivity, luminescence and second-order non-linear optical activity (Eickmeier et al., 1999; Goforth et al., 2004; Mitzi & Brock, 2001; Mousdis et al., 1998; Papavassiliou et al., 1995; Zhu et al., 2003) . In general, these materials consist of a complex halobismuthate anion (connected BiX n polyhedra) and an organic counter-cation. However, we have been interested in the synthesis of new halobismuthate materials which have a metal-containing cation in addition to the metal-containing anion. Such compounds may display new and interesting physical properties resulting from the synergistic interaction of more than one metal-containing species in the same compound. The title compound, [Co(en) 3 ][Bi 2 I 9 ], (I), represents one of the first halobismuthate materials having a transition metal coordination cation as the charge-balancing species.
Single crystals of (I) were isolated from the solvothermal reaction of rac-[Co(en) 3 ]I 3 and BiI 3 and were studied by single-crystal X-ray diffraction. The asymmetric unit of the compound contains half of an independent [Co(en) 3 ]
3+ cation and half of a [Bi 2 I 9 ] 3À anion, both of which are located on crystallographic mirror planes ( Fig. 1 ). Both the Á and Ã enantiomers of the cation are present in the structure, and they are statistically disordered throughout the crystal structure across the mirror plane passing through C3A/C4A and Co1. The atomic positions of Co and all C atoms (C1-C4) are common to both enantiomeric cations; only the N atoms distinguish the two enantiomers. The [Bi 2 I 9 ] 3À anion is well known in bismuth iodide chemistry, and the majority of the bond distances and angles of the anion in (I) are comparable with those found in other compounds containing the same ion. In the present structure, however, the Bi2-I3 distance of 3.5462 (11) Å is significantly longer than the average bridging Bi-I distances (approximately 3.2 Å ) observed in other [Bi 2 I 9 ] 3À -containing compounds. (Bowmaker et al., 1997; Eickmeier et al., 1999; Goforth et al., 2004; Lazarini, 1987; Zhu et al., 2003) . For (I), the average terminal Bi-I distance is 2.987 Å , the average bridging Bi-I distance is 3.282 Å , and the cis angles range from 75.12 (2) to 98.75 (2) . Likewise, the [Co(en) 3 ] 3+ cation is well known (Wang et al., 2004; Nakashima et al., 2003) , and the bond distances and angles of the cation in (I) are within the expected ranges (Table 1) . Fig. 2 displays the crystal packing of (I) viewed along [110] , where it is observed that columns of the cations alternate with columns of the anions in a chessboard fashion.
Experimental
BiI 3 (0.15 mmol, 88.5 mg) and rac-[Co(ethylenediamine) 3 ]I 3 (0.05 mmol, 31 mg) were weighed and placed in a 23 ml Teflon-lined autoclave with absolute ethanol (5 ml) and distilled water (5 ml) as the reaction solvents. The autoclave was subsequently sealed and heated at a rate of 1 K min À1 to 433 K. The temperature was held at 433 K for 2 d before it was decreased, at a rate of 0.1 K min À1 , to 343 K, where it was then held for 6 h. Finally, the temperature was decreased at a rate of 0.1 K min À1 to room temperature. Red-orange crystals of (I) were isolated from the reaction and a suitable single crystal was selected for the X-ray diffraction experiment. Plots of the components of (I), showing the atom labelling. Displacement ellipsoids are drawn at the 50% probability level. Only the symmetryindependent part of the [Co(en) 3 ] 3+ cation is shown. 
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Due to the cation disorder, only the Co, Bi and I atoms were refined with anisotropic displacement parameters; C and N atoms were refined isotropically. One distance restraint [C1A-N1A = 1.50 (1) Å ] was necessary to maintain a reasonable distance between these atoms. H atoms for each disorder component were placed in geometrically idealized positions, with C-H = 0.96-0.99 Å and N-H = 0.90 Å , and included as riding atoms, with U iso (H) = 1.2U iso (C,N). The highest peak is located 0.84 Å from atom I6 and the deepest hole is located 0.87 Å from Bi2.
Data collection: SMART (Bruker, 2001 ); cell refinement: SAINTPlus (Bruker, 2001) ; data reduction: SAINT-Plus; program(s) used to solve structure: SHELXTL (Sheldrick, 2000) ; program(s) used to refine structure: SHELXTL; molecular graphics: SHELXTL; software used to prepare material for publication: SHELXTL.
